Over 100 million Americans commute to work every weekday. Little is known, however, about how this aspect of work, which may indeed be the most stressful aspect of the job for some, affects human health and well-being. The authors studied a sample of 208 male and female suburban rail commuters who took the train to Manhattan, New York. The greater the duration of the commute, the larger the magnitude of salivary cortisol elevations in reference to resting baseline levels, the less the commuter's persistence on a task at the end of the commute, and the greater the levels of perceived stress. These effects were not moderated by gender. Commuting stress is an important and largely overlooked aspect of environmental health.
Over 100 million Americans commute to work each weekday. The duration of these trips has increased markedly over the past two decades because of a combination of greater commuting distances and elevated traffic congestion. Average daily commute times in the United States increased 18% between 1980 and 2000, and workers commuting over an hour to their jobs represented the fastest growing category (Reschovsky, 2004) . Although there is a large, well-developed literature on occupational stress and health, with a recent handbook on the field (Barling, Kelloway, & Frone, 2005) and a scholarly journal largely devoted to the topic, Journal of Occupational Health Psychology, only a handful of studies have addressed stress in relation to commuting. Moreover, this research has focused on self-reports of stress symptoms among automobile commuters (Koslowsky, Kluger & Reich, 1995; Stokols & Novaco, 1981 ). In the current study, we examine multimethodological indicators of stress among rail passengers.
A few automobile commuter stress studies have supplemented self-reports of stress with physiological measures, revealing elevated cardiovascular outcomes (Bellet, Roman, & Kostis, 1969; Robinson, 1991; Simonson et al., 1968; White & Rotton, 1998) . Singer, Lundberg, and Frankenhaeuser (1978) , in the only train commuting study, found similar trends among rail passengers. White and Rotton (1998) extended these prior commuting studies by showing evidence of motivational deficits in task performance using Glass and Singer's (1972) aftereffects paradigm. They found that student commuters compared with noncommuting controls (random assignment) had elevated blood pressure and poorer task persistence. A much larger number of studies have revealed that professional drivers, principally urban bus operators, also manifest elevated stress on the job (Evans, 1994; Evans & Johansson, 1998) . Additional studies have revealed that one of the major contributors to stress among drivers is exposure to traffic congestion. Feelings of frustration, irritation, and loss of control, along with elevated physiological stress and degraded task motivation, typically accompany driving under more congested conditions (Evans & Carrere, 1991; Koslowsky et al., 1995; Novaco, Kliewer, & Broquet, 1991; Novaco & Sandeen, 1992; Novaco, Stokols, & Milanesi, 1990; Schaeffer, Street, Singer & Baum, 1988) .
We build on these prior studies of stress and commuting among drivers by examining the role of commuting duration among suburban train commuters riding into Manhattan, New York. We hypothesized that the greater the duration of the commute, the more stressful the experience, as indicated by multimethodological indices of stress, including salivary cortisol, task motivation, and perceived stress. We expanded self-reports of stress to include spousal ratings, given prior work showing that spouses can reliably evaluate their partner's adverse reactions to stressful working conditions (Repetti, 1989) .
Method

Participants
Two hundred eight rail commuters between the ages of 25 and 60 who rode from suburban New Jersey into Manhattan, New York were recruited through flyers and announcements handed out in New Jersey Transit stations for a study of the "commuting experience" conducted by Polytechnic University and Cornell University. Eligible participants commuted at least 3 days/week and had been on the same route for at least 12 months. Participants were paid for their participation with a monthly rail pass. Fifty-two percent of the participants were men, and 48% were women. The sample of men and women had a median income exceeding $95,000. Seventy-nine percent of the commuters were college graduates. 
Materials
Salivary cortisol was collected with a Salivette (Sarstedt, Newton, North Carolina) in the train station at the end of the participant's morning trip to work and at the same time of day on the following weekend at the respondent's home. Samples were placed under Ϫ20°C until assay. Cortisol was analyzed by a time-resolved immunoassay with fluorescence detection (Dressendorfer, Kirschbaum, Rohde, Stahl, & Strasburger, 1992) . The difference between resting and on-task, or at-work, neuroendocrine hormones has been shown to be a reliable and valid marker of stress both in the laboratory and the field (Frankenhaeuser & Johansson, 1986; Kirschbaum & Hellhammer, 1989; Lundberg, 1984 Lundberg, , 2000 .
Motivation was measured near the end of the morning commute by persistence on a proofreading task (percentage errors detected). This measure has been widely used to assess aftereffects from stressor exposure both in the laboratory and the field (Cohen, 1980; Glass & Singer, 1972) .
Perceived commuting stress was assessed by the commuter during the commute to work on the train. Self-report of commuting stress was obtained using scales developed by Novaco and colleagues (Novaco et al., 1990 (Novaco et al., , 1991 Novaco & Sandeen, 1992) and Kluger (1998) . Commuters indicated how stressful they found the commuting experience in general on nine 5-point Likert scales (e.g., "It takes a lot of effort to commute to work"; ␣ ϭ .90).
The spousal rating form asked the participant's spouse or partner to evaluate the commuter's interpersonal interactions with the spouse or partner for that past week with 33 items from Repetti's (1989) Daily Marital Behavior Scale (e.g., "This week my partner took out his [her] frustrations on me"; 1 ϭ never; 5 ϭ once a day or more; ␣ ϭ .93).
Procedure
Participants were mailed a packet prior to data collection that contained the informed consent procedure, instructions, and all of the above measures except for the Salivettes and spousal rating forms. All subject self-report data were collected on the train during the morning rush hour trip to work, except for spousal ratings. Commuting duration ranged from 45 to 180 min. Commuters were instructed to complete the questionnaire (background, 1 commuting route and train information, commuting stress, and job stress) on the train once it left the station on the way to work. Commuters then self-administered the proofreading task beginning at a designated station stop near the end of the commute for a period of 10 min. All commuters were then met as they disembarked from the train and a saliva sample was taken and the questionnaires collected.
The commuter's spouse or partner was asked to fill out his or her rating form at home on the weekend immediately following the on-the-train data collection. Baseline, salivary cortisol was also collected at the respondent's home that same weekend. The baseline saliva collection was carefully timed to match the time of day saliva had been collected on the train.
Results
Each of the four stress measures was regressed onto commuting time, statistically controlling for income, gender, ethnicity, and education level of the commuter. Commuting time was unrelated to conditions of the train car (e.g., density, having one's own seat, seat location) or the number of mode changes the commuter had to make on his or her commute. The difference score (commuting Ϫ at home, nonworkday) was used to examine increases in physiological stress. The natural logarithm of cortisol was used given skewness in the data. This repeated measures general linear model approach is commonly used in field work with neuroendocrine hormones and in the present case yielded greater statistical power than a covariance analysis (commuting cortisol sample with weekend, at-home cortisol as covariate). The covariance analysis also yielded significant results. Descriptive statistics for raw data and zero-order correlations between the variables are included in Table 1 .
As suggested by Figures 1, 2 , and 3, longer commutes were significantly associated with elevated cortisol (log of the commuting cortisol -log of the at-home baseline cortisol; B ϭ 0.010, SE ϭ .003, p Ͻ .01); poorer proofreading performance (B ϭ Ϫ0.001, SE ϭ .001, p Ͻ .07); and higher levels of perceived commuting stress (B ϭ 0.007, SE ϭ .002, p Ͻ .01). The figures depict the unadjusted means based on ordinary least-squares regression at the mean and one SD above and below for commuting times. Spousal ratings of the commuter's stress, however, were unrelated to the duration of the commute (B ϭ 0.002, SE ϭ .003, ns). There were no statistical interactions of any sociodemographic background variables with commute duration on the outcome variables.
Discussion
Prior studies have revealed that automobile commuting is stressful, as indicated by self-reports of stress and physiological indicators (Koslowsky et al., 1995; Novaco et al., 1990 Novaco et al., , 1991 Novaco & Sandeen, 1992; Schaeffer et al., 1988 ). In the current study, we show that these effects also appear to occur among rail commuters, with those facing longer trips suffering more stress. As shown in Figures 1, 2 , and 3, these impacts are robust, manifesting in self-report, task persistence, and salivary cortisol.
The present data are also important to consider within the context of public policy as typical commuting times continue to expand dramatically in America (Reschovsky, 2004) . In addition to obvious detrimental ecological impacts, longer commutes are related to stress and could very well interfere with active lifestyles, given the decreased availability of time to exercise and longer periods away from home (Frumkin, Frank & Jackson, 2004) . Thus, the present data provide additional support for advocates of smart growth who argue that community planning needs to emphasize greater pedestrian access to local recreational and retail activities (Benfield, Terris, & Vorsanger, 2001 ).
The present results are interesting in at least three other respects. First, we uncovered a linear, dose-response function between the duration of the commute and multiple stress outcomes. The relation between commute duration, at least over the range of 45-180 min, and stress is linear. We checked for nonlinearity in the data, and none was found.
Second, our data are consistent with an intervention study in which improved service that eliminated train changes and reduced commuting time significantly lowered stress levels in rail commuters (Wener, Evans, Phillips & Nadler, 2003) . The present study and prior studies of automobile commuting reflect the potential contributions of the physical environment to human stress and health. We already know that crowding, noise, and poor housing quality can affect psychological stress (Evans, 2001; Halpern, 1995) . Commuting conditions need to be added to the rubric of environmental stressors. Research on commuting also expands our conceptualization of occupational conditions and health. Commut-ing conditions constitute an important component of the work setting that may contribute to health and well-being.
Third, the present results highlight the critical importance of time in research on environment, health, and behavior. There is a strong paradigmatic thrust in environmental health research to focus on the intensity of environmental exposures without sufficient attention to the duration of exposure. Levels of toxins, pollutants, noise, crowding, and the like are nearly always the focus of inquiry. Yet, how long one must contend with suboptimal environmental conditions may be just as important as the level of environmental quality when considering health effects.
Some limitations of the present study should be noted. Spousal ratings of commuter stress, unlike the other three multimethodological indices of stress, did not converge. A second limitation of the study is the sample. As indicated in the Method section, our sample is wealthy and highly educated. Although our sample is representative of rail commuters from New Jersey suburbs into midtown Manhattan, it is obviously not a good representation of commuters in general. We did check for gender interactions with commute duration and found none. It is also worth briefly mentioning that Wener et al. (2003) , in their intervention study, found very similar effects of improved service in actual rail commuters and in an experimental simulation using college students. There is also widespread cross-cultural evidence of similar, adverse commuting effects among bus drivers (Evans, 1994; Evans & Johansson, 1998) . We restricted subject recruitment to adults between the ages of 25 and 60 but did not record each participant's age, precluding use of this variable as an additional covariate. Although the restricted age range and the use of income as a covariate in our analyses make it unlikely that commuting duration effects could be attributable to age or seniority, it would have been preferable to examine the potential role of age more directly.
Other temporal dimensions that may impact commuting stress were not assessed directly in our study. We had an eligibility criterion of 12 months minimum on the same commute, but variation in commuting histories could moderate the impacts of the trip length uncovered herein. It is also possible that longer commutes are associated with greater time urgency or time pressure. We did not assess time urgency as a potential mediator of the relation between commuting duration and stress. Furthermore, psychological factors such as Type A coronary prone behavior, job satisfac- tion levels, and perceptions of choice and control over residential location have been shown to moderate commuting stress among automobile commuters (Koslowsky et al., 1995; Stokols & Novaco, 1981) . Future work on stress from train commuting plus other forms of mass transit use ought to incorporate these and other psychological factors as potential moderator variables.
Although we statistically controlled for income, education, gender, and ethnicity, the study design is cross-sectional. Thus, some other variable, unrelated to any of these sociodemographic background factors, could be driving our findings. We can rule out conditions of the train car itself as well as number of mode changes during the commute because these were unrelated to commuting duration, but stronger evidence would follow from a longitudinal study of changes in commuting times.
We matched cortisol sampling times on the morning of the commute to work with a nonworkday, morning sample. However, some people sleep later on weekends, which means that matching the sample time may cause variability in the interval between awakening and saliva collection. Unfortunately, we did not record awakening times on the work or weekend, off-work day. Increases in awakening time on weekends compared with workdays among working adults are negatively correlated with morning cortisol levels (Schlotz, Hellhammer, Schulz, & Stone, 2004 ). Thus, it is possible that some of the effects we attribute to commuting duration are due to delayed awakening times. We believe this is unlikely, however, because Schlotz et al. (2004) also found that (a) the effects of work stress on morning cortisol levels were independent of weekend-weekday differences in awakening times and (b) morning cortisol correlates of awakening time difference between workday and weekend day were caused by work stress levels and not inherent to time of awakening.
In addition to strengthening the design of our study and broadening the background characteristics of the sample, another topic warranting further investigation would be the examination of underlying psychological processes that might account for the adverse impacts of commuting. Are longer commutes more stressful simply because of effort and fatigue or do control and predictability also matter? Longer commutes to work may also elevate time pressure. Other health and behavioral outcomes of commuting duration could also be investigated. For example, how is worker productivity influenced by commuting time? Over an extended period of time, does commuting duration affect morbidity? Obviously, not all commuters respond in the same manner to the daily grind of commuting. Are there effective coping strategies that enhance resilience to commuting stress?
Commuting is a ubiquitous stressor for millions of people. Yet, this environmental condition has largely been ignored in theoretical and empirical work on occupational stress and health. For some workers, commuting may indeed be the most stressful aspect of their job. Prior work has documented some of the psychological and physical health costs of commuting to work by car, especially under heavy traffic conditions. We have shown that the duration of rail commuting may also be a salient stressor for many working people. 
